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Objective To evaluate the effectiveness of constraint-induced movement therapy (CIMT) and combined mirror
therapy for inpatient rehabilitation of the patients with subacute stroke.

Methods Twenty-six patients with subacute stroke were enrolled and randomly divided into three groups: CIMT
combined with mirror therapy group, CIMT only group, and control group. Two weeks of CIMT for 6 hours a
day with or without mirror therapy for 30 minutes a day were performed under supervision. All groups received
conventional occupational therapy for 40 minutes a day for the same period. The CIMT only group and control
group also received additional self-exercise to substitute for mirror therapy. The box and block test, 9-hole
Pegboard test, grip strength, Brunnstrom stage, Wolf motor function test, Fugl-Meyer assessment, and the Korean
version of Modified Barthel Index were performed prior to and two weeks after the treatment.

Results After two weeks of treatment, the CIMT groups with and without mirror therapy showed higher
improvement (p<0.05) than the control group, in most of functional assessments for hemiplegic upper extremity.
The CIMT combined with mirror therapy group showed higher improvement than CIMT only group in box and
block test, 9-hole Pegboard test, and grip strength, which represent fine motor functions of the upper extremity.
Conclusion The short-term CIMT combined with mirror therapy group showed more improvement compared
to CIMT only group and control group, in the fine motor functions of hemiplegic upper extremity for the patients
with subacute stroke.
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INTRODUCTION

In the patients with stroke, the hemiplegic upper ex-
tremity can be a major cause that is responsible for activi-
ties of daily living (ADL). The major consideration for re-
habilitation clinicians is to promote motor recovery of the
arm and hand functions than the lower extremity for the
patient after a stroke. With regard to the clinical course
of stroke, it is recognized that the patient may achieve
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a recovery of the lower extremity to some extent before
the recovery of the upper extremity [1]. This leads to the
speculation that most of the patients no longer need the
intensive rehabilitation treatments after a substantial
period of time, if they can perform independent gait and
maintain ADLs to some extent. In these situations, it may
seem insufficient, but the patients are considered to have
achieved recovery of the affected upper limbs. According
to the previous research, 70%-80% of the patients who
survive from stroke have been reported to have persistent
impairment of the upper extremity movement [2]. There-
fore, the intensive upper limb training based on task-
oriented rehabilitation has been frequently performed to
manage the stroke patients.

Of the various task-oriented rehabilitation programs,
constraint-induced movement therapy (CIMT) is char-
acterized by the restraint of the less effected upper limb
accompanied by the shaping and repetitive task-oriented
training of more affected upper extremity. This was de-
veloped by Taub et al. [3], for the purposes of overcoming
the learned nonuse phenomenon of the hemiplegic up-
per extremity and achieving functional recovery.

In the early stage, the patient wore an orthosis in the
less affected upper extremity for two weeks and thereby
not performed any exercise, after which, the CIMT was
intensively performed on the hemiplegic upper extremity
for six hours daily [4]. In an actual clinical setting, how-
ever, the patients have problems receiving the intensive
occupational therapy for six hours daily. It also remains
problematic that the patients have a low level of treat-
ment compliance, because they experience difficulty
in maintaining daily activities with the restricted use of
the less affected upper extremity and are burdened with
other treatments as well. To overcome these limitations,
the modified methods have been developed. Moreover,
several studies suggested that these modified methods
were more effective compared to the palliative occupa-
tional treatments [5,6]. In addition, in 1993, Taub et al.
[3] reported that the CIMT was effective in improving
the functions of the arm, but its effectiveness for the im-
provement of hands remained obscure. Recent studies
have shown that the distal functions were more improved
in the group where the hand training program was per-
formed intensively during a certain period of time, as
compared to the conventional CIMT [7]. Among the
various intensive training programs, the mirror therapy

was first introduced by Ramachandran and Rogers-Ram-
achandran [8] for the first time in 1996. This therapy was
effective in treating phantom limb pain based on the de-
fects of visual illusion using a mirror. It has been reported
that there were improvements in Fugl-Meyer Assess-
ment and fine motor movement, following a 3- to 4-week
course of mirror therapy in the patients with stroke. Thus,
it has been shown to be effective in improving the range,
velocity, and accuracy of motion in the hemiplegic upper
extremity [9]. However, there is a paucity of the data re-
garding the additional effects of the mirror therapy, when
combined with other upper extremity training programs.

In this study, we applied the CIMT where subacute
stroke patients performed the intensive treatments for a
short period of time. As mentioned above, conventional
CIMT is proven to improve the gross motor function, but
its effectiveness for the fine motor functions remains ob-
scure. These results can suggest that the CIMT is insuffi-
cient for perfectly performing the task-oriented exercises
with complex and delicate training on the affected wrist
and hand. Therefore, we concomitantly performed the
mirror therapy for the purpose of improving the hand
functions by focusing on fine motor exercise. The results
were compared between the palliative rehabilitation and
CIMT only groups to investigate the superiority and the
synergic effect of the CIMT combined with mirror thera-
py for the improvement of the both gross and fine motor
functions of hemiplegic upper extremity.

MATERIALS AND METHODS

Study subjects

The patients in this study were hospitalized for further
evaluation and treatment of stroke at the Department
of Rehabilitation Medicine at Pusan National University
Yangsan Hospital, from October 2012 to May 2013. They
have developed subacute stroke when they were enrolled
in the present study. A total of 26 patients were fully
aware of the study details, were collaborative and will-
ing to participate in the current study, and submitted a
written informed consent. Then, they were assigned into
three groups by picking a random card with numbers on
them: CIMT combined with mirror therapy group (n=8),
CIMT only group (n=9), and control group (n=9). The in-
clusion criteria for the current study are as follows: 1) pa-
tients who were diagnosed with hemiplegia due to stroke
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(onset time of less than six weeks) and have no past his-
tory of stroke; 2) patients who could perform an active
extension of the affected wrist and more than two fingers
at an angle of >10° and an active abduction of the affect-
ed thumb at an angle of >10° 3) patients who can make
a simple communication; 4) patients who can receive
care by guardians or caregivers; and 5) patients who can
maintain a sitting position for more than 30 minutes. The
following patients were excluded: the patients with de-
pression who were unable to cooperate in the treatment;
the patients who cannot perform the active task training
due to the presence of musculoskeletal problems, such
as the spasticity of Modified Ashworth Scale (MAS) II or
higher; and the patients who have complex regional pain
syndrome or secondary adhesive capsulitis.

Prior to the treatment, all of the patients underwent
box and block test, 9-hole Pegboard test, grip strength,
Brunnstrom stage, Wolf motor function test, and Fugl-
Meyer Assessment (upper extremity, total score) to
evaluate the motor functions of the hemiplegic upper
extremity. The Korean version of Modified Barthel Index
(K-MBI) was used to compare the improvements in the
performance of ADL. In addition, we examined the de-
gree of the improvement between the groups to analyze
the effects of the treatment outcomes. For the evaluation
of the experimental groups, we performed the above tests

prior to the treatment and two weeks thereafter, and the
results were compared between the three groups by the
blinded observers.

Treatment methods

In CIMT combined with mirror therapy group and
CIMT only group, patients wore a specially designed
orthosis to suppress the motion of the unaffected upper
extremity for a total of two weeks. The patients received
intensive training for five days a week except for the
weekend, for a total of six hours (2 hours in the therapy
room and 4 hours in the inpatient room) a day except for
sleeping hours. During the time, intensive fine motor ex-
ercise of the hemiplegic upper extremity was performed
under the supervision of occupational therapist. The mir-
ror therapy was performed for 30 minutes a day for five
days a week, for two weeks. During the mirror therapy,
the patients performed flexion/extension of the shoul-
der, elbow, wrist, finger, and pronation/supination of the
forearm according to the verbal commands. They were
also recommended to perform the objective task training
with the unaffected hands.

The patients of the control group were recommended to
perform the self-exercise program as well as the palliative
rehabilitation therapy that is routinely recommended for
the hospitalized patients. The patients of the CIMT com-
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bined with mirror therapy group did not receive the pal-
liative rehabilitation therapy, and the mirror therapy was
performed during hours when the CIMT was not done.
The patients of the CIMT only group were recommended
to perform CIMT, palliative rehabilitation therapy, and
additional self-exercise program to minimize the differ-
ence in the total amount of treatment time between the
three groups. Moreover, we also maximized the involve-
ment of full-time nurses and guardians to improve the
treatment compliance and to lower the drop-out rate.
Furthermore, we made it easier to monitor the length of
time the patients wear the orthosis, by enrolling hospital-
ized patients in this study rather than the outpatients (Fig.

1).
Statistical analysis

Statistical analysis was performed using SPSS ver. 10.0
for Window (IBM, Armonk, NY, USA). To compare the

Table 1. Baseline characteristics of study subjects

sex, age, causes and duration of stroke, and affected side
between the groups, we performed the Kruskal-Wallis
test for the age and stroke duration, and Fisher exact test
for other categorical data. In addition, we also applied
the Wilcoxon signed-ranks test to compare changes in
the functions of the upper limbs and daily activities, be-
tween prior to and following the treatment in each group.
We used the Kruskal-Wallis test to compare the degree of
changes in these parameters, between prior to and fol-
lowing the treatment. A p-value of <0.05 was considered
statistically significant. We performed a post-hoc analysis
to analyze the difference between the three groups. In
addition, we also performed the Mann-Whitney U test
to analyze the difference between the two groups among
the three groups. We adopted the Bonferroni correction
to correct the type I errors and set a level of statistical sig-
nificance at p=0.017.

CIMT with mirror

CIMT only group Control group

Characteristic ey e (=) (n=9) (n=9) p-value
Age (yr) 47.36+14.40 64.33+8.54 60.56+16.94 0.105
Gender (male:female) 6:2 6:3 4:5 0.481
Type of stroke 0.139
Infarction 2 6
Hemorrhage 6 3
Affected side (right:left) 5:3 6:3 4:5 0.693
Stroke duration (day) 24.25+11.54 19.33+£9.17 24.78+11.61 0.373
Values are presented as meantstandard deviation or number.
CIMT, constraint-induced movement therapy.
Table 2. Comparison of assessments at baseline and after treatment in CIMT with mirror therapy group
Pre-treatment Post-treatment p-value
Box and block test 9.88+13.02 21.88+14.18 0.012
9-Hole Pegboard test (sec) 96.75+29.59 52.50+18.48 0.012
Grip strength (kg) 4.38+3.98 6.75+4.04 0.012
Brunnstrom stage 2.50+0.93 3.88+1.13 0.015
Wolf motor function test 33.75+22.51 51.50+18.25 0.012
Fugl-Meyer Assessment
Upper extremity 35.38+21.45 47.00+£19.95 0.012
Total score 49.25+25.21 70.13+25.80 0.012
K-MBI 47.63+12.57 66.25+10.63 0.012
Values are presented as number or meantstandard deviation.
CIMT, constraint-induced movement therapy; K-MBI, Korean version of Modified Barthel Index.
Www.e-arm.org 461
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RESULTS

We compared the baseline characteristics among 17
patients of the experimental groups and 9 patients of the
control group, who received treatments for two weeks.
There were no statistically significant differences in the
sex, age, causes of stroke, sites of stroke, and affected
sides between the three groups (Table 1).

We also compared the degree of the functions of the
upper extremity and the performance of daily activi-
ties before and after the treatment in each group. The
baseline assessments had no statistically significant dif-
ference between the groups. All parameters in the CIMT
combined with mirror therapy group and the CIMT only
group showed significant improvements. In the control
group, there were statistically significant improvements

in the box and block test, Brunnstrom stage, Fugl-Meyer
Assessment, and K-MBI (p<0.05) (Tables 2-4).

We compared the degree of changes between prior to
and following the treatment in each group. The signifi-
cant improvements were found in all of the parameters,
except in Fugl-Meyer Assessment in all three groups
(p<0.05) (Table 5). Therefore, we performed a post-hoc
analysis to examine whether there is a difference between
the three groups. This showed that there were significant
differences as follows: the box and block test, 9-hole
Pegboard test, and grip strength test between the CIMT
combined with mirror therapy group and the CIMT only
group; the box and block test, grip strength, Wolf motor
function test, and MBI between the CIMT only group and
the control group; and the box and block test, 9-hole Peg-
board test, grip strength, Wolf motor function test, and

Table 3. Comparison of assessments at baseline and after treatment in CIMT only group

Pre-treatment Post-treatment p-value
Box and block test 16.00+£10.28 21.11+12.59 0.012
9-Hole Pegboard test (sec) 81.22+35.98 67.22+27.85 0.024
Grip strength (kg) 5.70+2.29 6.70+2.13 0.011
Brunnstrom stage 3.11+1.05 4.11+1.27 0.014
Wolf motor function test 40.44%21.16 45.67+21.35 0.020
Fugl-Meyer Assessment
Upper extremity 47.89+20.85 53.33+19.55 0.018
Total score 68.89+28.81 80.33+29.38 0.018
K-MBI 42.00+11.14 60.00+16.20 0.008
Values are presented as number or meantstandard deviation.
CIMT, constraint-induced movement therapy; K-MBI, Korean version of Modified Barthel Index.
Table 4. Comparison of assessments at baseline and after treatment in control group
Pre-treatment Post-treatment p-value
Box and block test 10.44+12.06 11.89+12.16 0.041
9-Hole Pegboard test (sec) 91.22+31.77 90.33+32.30 0.588
Grip strength (kg) 3.01+2.78 3.21£1.35 0.107
Brunnstrom stage 2.78+1.30 3.22+1.39 0.046
Wolf motor function test 29.56+27.43 28.331£26.71 0.104
Fugl-Meyer Assessment
Upper extremity 32.67+21.70 37.00+21.06 0.011
Total score 46.11+26.81 55.56+32.92 0.007
K-MBI 52.11+25.06 57.44+26.35 0.012

Values are presented as number or meantstandard deviation.
CIMT, constraint-induced movement therapy; K-MBI, Korean version of Modified Barthel Index.
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Table 5. Comparison of difference of assessments at baseline and after treatment of groups

CIMT with mirror CIMT only group Control group
therapy group (n=8) (n=9) (n=9) BRElue

Box and block test 12.00+5.35 5.11+3.41 1.44+1.67 0.000
9-Hole Pegboard test (sec) 14.25+14.26 44.00£15.23 48.89+3.72 0.000
Grip strength (kg) 2.38%+0.90 1.00+0.76 0.20%+0.34 0.000
Brunnstrom stage 1.38+0.74 1.00£0.71 0.44+0.53 0.035
Wolf motor function test 17.75£12.01 5.22+5.56 1.22+2.05 0.000
Fugl-Meyer Assessment

Upper extremity 11.63+9.33 5.44+4.67 4.33+2.65 0.115

Total score 20.88+11.80 11.44+11.71 9.44+11.29 0.113
K-MBI 18.63+£10.65 18.00+£10.09 5.33+5.36 0.006

Values are presented as number or meantstandard deviation.
CIMT, constraint-induced movement therapy; K-MBI, Korean version of Modified Barthel Index.

*

* ©
p<0.017 g ’f

257

Il CIMT only group
[1 Control group

20 4

3 3
< @
< @
le} wn
T T
Y s N
& & W
<& & E
S &
NI
?° &
IS
a7
I
Q'O

Fig. 2. Difference in percentage of assessment at baseline
and after treatment in CIMT only group vs. control group
(*p<0.017). CIMT, constraint-induced movement thera-
py; K-MBI, Korean version of Modified Barthel Index.

MBI between the CIMT combined with mirror therapy
group and the control group (p<0.017) (Figs. 2-4).

DISCUSSION

The stroke is one of the major diseases that may cause
disabilities [10]. The impaired muscle strength after a
stroke poses a therapeutic challenge for the patients,
guardians, and specialists in rehabilitation therapy [11].
In particular, the learned nonuse phenomenon of the af-
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Fig. 3. Difference in percentage of assessment at baseline
and after treatment in CIMT with mirror therapy group
vs. control group (*p<0.017). CIMT, constraint-induced
movement therapy; K-MBI, Korean version of Modified
Barthel Index.

fected upper extremity is characterized by the tendency
to use the less affected upper extremity for the purpose of
habitually performing the functional tasks [11,12]. As de-
scribed, if hemiplegic patients use the unaffected upper
extremity, they would lose the functional independence.
This leads to the speculation that the patients would
increasingly use the hemiplegic upper extremity and
eventually would achieve a functional recovery, if they
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Fig. 4. Difference in percentage of assessment at base-
line and after treatment in CIMT with mirror therapy
group vs. CIMT only group (*p<0.017). CIMT, constraint-
induced movement therapy; K-MBI, Korean version of
Modified Barthel Index.

concomitantly receive short-term intensive rehabilitation
treatments, such as CIMT and mirror therapy, following
the onset of symptoms [13]. These intensive rehabilita-
tion treatments for the upper extremity training may be
based on the structural plasticity that the gray and white
matter undergo following the onset of stroke [14,15]. In
the association with structural alterations in the gray
matter following the short-term intensive rehabilitation
treatments, such as the CIMT, it has been shown that the
size of contrast-enhanced bilateral sensorimotor cortex
was increased on the voxel-based morphometry on T1-
weighted magnetic resonance imaging scans. In addi-
tion, the previous studies have also shown that there is a
significant proportional correlation between the size of
contrast-enhanced bilateral sensorimotor cortex and the
degree of the functional recovery of the hemiplegic upper
extremity [16]. To explain the mechanisms of the mirror
therapy, the transcranial magnetic stimulation was per-
formed during the mirror illusion in normal healthy in-
dividuals. It was shown that there was an increase in the
activity of the primary motor cortex (M1) corresponding
to the contralateral hand on the mirror [17]. The mirror
neurons have been disclosed to be involved in the effects
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of the mirror therapy; they are bimodal visuomotor neu-
rons and are activated when there are action observation,
psychological stimulation, and action execution [18].
This result implies that the additional treatment effects
of CIMT and mirror therapy might be based on different
mechanisms.

Controversial opinions exist regarding the order and
pattern of the functional recovery of the upper extremity.
It is frequently noted, however, that the patients usually
achieve recovery from proximal to distal extremity. The
conventional CIMT is effective in improving the gross
motor function. It has also been reported, however, that
its effectiveness for the minor motor functions remains
obscure [7]. At our medical institution, we performed the
conventional CIMT concomitantly with the mirror thera-
py to improve the hand functions by focusing on the fine
motor exercise. This was decided concerning of a pos-
sibility that we would achieve the fine motor functions
to lesser extents, if we only perform CIMT. In the present
study, we compared the difference in the improvements
between prior to and following the treatment among
the three groups. This finding showed that the degree of
the improvement in the box and block test and 9-hole
Pegboard test, and the indicators for the fine motor func-
tions as well as the grip strength were all significantly
higher in the CIMT combined with mirror therapy group
compared to the CIMT only group. These results indicate
that the mirror therapy combined with the CIMT would
be effective in improving the indicators for the fine motor
functions in the clinical setting.

The limitations of the current study are as follows. 1) We
evaluated the treatment outcomes at baseline and two
weeks after the treatment. Therefore, we did not examine
whether our methods were also effective in maintaining
the functions of the hemiplegic upper extremity over a
long-term period. 2) Our results cannot be completely
generalized, because we enrolled a small number of pa-
tients and the mean age of the three participating groups
showed significant difference. As a pilot study, however,
our results contain a clinical significance for combining
two intensive rehabilitation treatments for the upper ex-
tremity, and this approach deserves further large-scale
studies. 3) We used the Mini-Mental Status Examination,
MAS scale, and manual muscle test to initially screen
the patients. Therefore, we did not examine whether the
degree of functional recovery is correlated with the cog-
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nitive functions, muscle rigidity, muscle strength, and
functional status. 4) There were no consistent criteria for
the location or size of lesions prior to the current study.
It is probable that the treatment outcomes might be sub-
jected to the degree of the functional defects of the upper
extremity, due to the arrangement of the cerebral cortex
according to the lesions such as the proximal or distal
dominance or the potential visuospatial functions affect-
ing the motor functions.

Finally, with regard to the functional recovery of the up-
per extremity, we propose the following matters. It would
be mandatory to standardize the personalized, inconsis-
tent, task-specific performance depending on the degree
of recovery in a clinical setting. There is a high possibility
that there might be a great discrepancy in the degree of
the functional recovery, unless there are established cri-
teria for selecting the appropriate treatment methods.

It would also be mandatory to perform a systematic
review of the tools that are used to assess the outcomes
of the upper extremity training. In detail, the Wolf mo-
tor function test is routinely performed for the patients
where the active extension of the affected wrist and more
than two fingers is possible at an angle of more than
10°. We set criteria for defining the minimum muscle
strength. In the current study, however, we encountered
many unresolved problems to enroll the patients, as some
patients could not perform any of the tasks although they
were compatible with the criteria. In addition, there was
a great variability in the testing time between the pa-
tients. This leads to the speculation that further studies
are warranted to identify the tools that are specific for the
degree of the functional recovery.

In conclusion, after two weeks of treatment, the CIMT
combined with or without mirror therapy groups showed
more improvement than the control group in most of
functional assessments on hemiplegic upper extremity.
The CIMT combined with mirror therapy group achieved
more significant improvement than the CIMT only group
in box and block test, 9-hole Pegboard test, and grip
strength, which represent fine motor functions of the up-
per extremity.
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